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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a high-molecular solid electrolyte 
battery, of 

which cycle characteristic is improved, by forming a battery of a negative 
electrode, a positive electrode and the high-molecular solid electrolyte, which 
contacts the negative electrode active material and which contains the 
heterocyclic compound including double-coupled element. 

SOLUTION: In a high-molecular solid electrolyte battery, which is formed of a 
negative electrode, a positive electrode and the high-molecular electrolyte, as 
the high-molecular solid electrolyte, polyethylene oxide, which contains the 
heterocyclic compound having a double-coupled element such as thiophene at 
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(^nji fi-g% hy weight ap djwhlch contains the organic matter plasticizer such as 
ethylene carbonate at need, is used. The negative_eleclrode-i^^ 
oiLUtbiun^^ solid 
electrolytecont^ material. The 

high-molecular solid electrolyte is desirable formed integrally with the 
negative electrode and/or the positive electrode. Affinity of the 
high-molecular solid electrolyte to the active material is thereby improved, 
and the power generating ability and the battery cycle characteristic can be 
improved. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The solid-polymer-electrolyte cell which makes a component a negative electrode, a positive electrode, and 
the solid polymer electrolyte containing the heterocyclic compound which has a double bond. 
[Claim 2] The aforementioned solid polymer electrolyte is a solid-polymer-electrolyte cell according to claim 1 
characterized by being in contact with the negative-electrode active material. 

[Claim 3] The aforementioned solid polymer electrolyte is a solid-polymer-electrolyte cell according to claim 2 
characterized by uniting with a negative electrode and/or a positive electrode. 

[Claim 4] The aforementioned negative electrode is a solid-polymer-electrolyte cell according to claim 1, 2, or 3 
characterized by consisting of a lithium or carbonaceous material. 

[Claim 5] The aforementioned solid polymer electrolyte is a solid-polymer-electrolyte cell according to claim 4 
characterized by containing the aforementioned heterocyclic compound 0.05 % of the weight to 5% of the weight. 
[Claim 6] The solid-polymer-electrolyte cell according to claim 5 by which the aforementioned solid polymer 
electrolyte is characterized by containing an organic substance plasticizer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to improvement of a solid polymer electrolyte in 

detail about a solid-polymer-electrolyte cell. 

[0002] 

[Description of the Prior Art] Since it excels in reliability and safety compared with an organic electrolytic-solution 
type cell since the cell using the ion conductive polymer solid electrolyte does not have fear of the injury on the cell 
performance degradation resulting from a liquid spill or an evaporation loss, and the device which results from a liquid 
spill etc., and an electrolyte also plays a role of separator, it has the feature that much more miniaturization of a cell can 
be attained. Especially the solid-polymer-electrolyte cell using the lithium or carbonaceous material which has very 
**** potential as a negative-electrode active material hides possibility that it can do with the cell of high power and 
high-energy density over a long period of time in addition to reliability. For this reason, with development of pocket 
electronic equipment in recent years, promising ** is carried out as a rechargeable battery for the drive power supplies 
and backup power supplies, and research and development are done briskly now; 

[0003] However, generally, since a negative-electrode active material has high reactivity, it reacts with the high 
molecular compound and organic substance plasticizer which compose the solid polymer electrolyte on the occasion of 
the charge and discharge of a cell, and has the problem of deteriorating or decomposing a solid electrolyte and reducing 
the function. Since the fall of an electrolyte function leads to cell performance degradation immediately, cycle life 
sufficient by this conventional kind of cell is not acquired. 
[0004] 

[Problem(s) to be Solved by the Invention] By suppressing the bad operation to the solid polymer electrolyte of a 
negative-electrode active material in the solid-polymer-electrolyte cell using the negative-electrode active material 
which is rich in reactivity, such as a lithium or carbonaceous material, this invention tends to offer the solid-polymer- 
electrolyte cell excellent in the cycle property, and makes it the main purposes to raise the cycle property of the solid- 
polymer-electrolyte cell which uses especially a lithium or carbonaceous material as a negative electrode. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention according to claim 1 is 
characterized by being the solid-polymer-electrolyte cell which makes a component a negative electrode, a positive 
electrode, and the solid polymer electrolyte containing the heterocyclic compound which has a double bond. 
[0006] Invention according to claim 2 is characterized by the aforementioned solid polymer electrolyte touching the 
negative-electrode active material in a solid-polymer-electrolyte cell according to claim 1 . 

[0007] Invention according to claim 3 is characterized by uniting the aforementioned solid polymer electrolyte with a 
negative electrode and/or a positive electrode in a solid-polymer-electrolyte cell according to claim 2. 
[0008] Invention according to claim 4 is characterized by the aforementioned negative electrode consisting of a lithium 
or carbonaceous material in a solid-polymer-electrolyte cell according to claim 1, 2, or 3. 

[0009] Invention according to claim 5 is characterized by the aforementioned solid polymer electrolyte containing the 
aforementioned heterocyclic compound 0.05 % of the weight to 5% of the weight in a solid-polymer-electrolyte cell 
according to claim 4. < ~"~ 

[0010] Invention according to claim 6 is characterized by the aforementioned solid polymer electrolyte containing an 
organic substance plasticizer in a solid-polymer-electrolyte cell according to claim 5. 

[001 1] That to which the solid-polymer-electrolyte cell added the electrolyte salt as a carrier to the high molecular 
compound as a matrix, Or although the negative electrodes and positive electrodes which carried out adhesion 
arrangement, respectively are consisted of by each side of the thing which added the organic substance plasticizer to 
this and raised ion conductivity further or the electrolyte film which consists of an ion conductive polymer solid 
electrolyte which makes the organic substance other than this a subject, and an electrolyte film By this kind of cell, the 



quality of the ion conductivity of a solid electrolyte or the adhesion of a solid electrolyte and an active material 
becomes the factor which determines the quality of a cell performance. A deer is carried out, a negatiYecglectrode 
active material is matter which is rich in reactivity, and since espe cially a lithium or carbonaceous matejjalK as very 
high reactivity, it denatures or disassembles the high molecular compound and organic substance plasticizer which act 
on the electrolyte which touches directly at the time of charge, and compose the electrolyte. Consequently, while 
electrolytic ion conductivity falls, it exfoliates from an electrode front face by contraction of an electrolyte film, or the 
electric contact nature of an electrode / solid electrolyte interface is further checked by cracked gas, and the efficiency 
of electrode reaction falls with advance which is a cycle. 

[0012] it is alike, and in this invention of the above-mentioned composition, since the appropriate heterocyclic 
compound (it only considers as a heterocyclic compound hereafter) which has a double bond in a solid polymer 
electrolyte is blended, while acting so that this heterocyclic compound may chemisorb in a negative-electrode active 
material and the compatibility over the active material of a solid polymer electrolyte may be raised, so to speak, it acts 
like a protective coat, and the bad operation to the solid polymer electrolyte of an active material is suppressed 
Therefore, according to this invention, while the electric contact nature in an electrode / solid electrolyte interface 
improves, denaturation or decomposition of a solid polymer electrolyte can be prevented. Therefore, improvement in a 
cell cycle property can be aimed at with improvement in power generation capacity. 

[0013] Fundamental conventionally like a cell, through a solid-polymer-electrolyte film, such this invention solid- 
polymer-electrolyte cell piles up a negative electrode and a positive electrode, and is constituted. However, each power 
generation element in this invention does not necessarily mean what was produced separately independently 
respectively. That is, you may be the cell which produced the solid-polymer-electrolyte film containing a heterocyclic 
compound in [ an electrode ] separate independent, and produced the positive electrode and the negative electrode to 
each field of this electrolyte film by the process which carries out adhesion arrangement, respectively, and the so-called 
compound negative electrode and/or so-called positive electrode which made the electrolyte which contains a 
heterocyclic compound first, and the electrode unify may be produced, and you may be the cell of a process on top of 
which an electrolyte side is carried out inside and these electrodes are laid after that. Furthermore, the cell using the 
thing in which the electrolyte layer which does not contain a heterocyclic compound was formed on the compound 
negative electrode using the electrolyte which contains a heterocyclic compound, for example, or the thing in which the 
electrolyte layer containing a heterocyclic compound was formed on the compound positive electrode using the 
electrolyte which does not contain a heterocyclic compound may be used. Furthermore, after applying and laying 
precursor electrolytes (prepolymer etc.) on top of each electrolyte side of the compound negative electrode using the 
electrolyte containing a heterocyclic compound, and a compound positive electrode again, while carrying out the 
thermal polymerization of the precursor electrolyte and forming an electrolyte layer by heating the jvhole, it can also 
make with the cell of one apparatus by the process which binds a positive/negative electrode. 
[0014] It is good to consider as the composition in which the solid polymer electrolyte which contains a heterocyclic 
compound preferably in this invention contacts a direct negative-electrode active material. It is because the operation 
effect original with a heterocyclic compound of sticking it being such composition to a negative-electrode active 
material, and suppressing the bad operation becomes is easy to be demonstrated, in addition, the solid-polymer- 
electrolyte film united with the electrode consists of processes which constitute a cell at the same time it piles up 
positive/negative two electrodes using a compound negative electrode etc. -- ****-- an electrode and a solid-polymer- 
electrolyte film (the electrolyte layer containing the heterocyclic compound is included) cannot distinguish clearly in 
appearance 

[0015] By the way, although it is desirable since according to the process which unifies an electrolyte and an electrode 
and is made with a composite electrode the adhesion of an electrode and an electrolyte can be raised and the electric 
contact nature of an electrode / solid electrolyte interface can be raised, raising the adhesion of an electrode and an 
electrolyte is also raising the reactivity (bad operation) of an active material and an electrolyte. Therefore, by the 
conventional cell using the compound negative electrode, power generation capacity declines quickly with advance of a 
cycle of what can heighten the original power generation capacity. Therefore, sufficient cycle life was not acquired. 
[0016] On the other hand, according to this invention, the operation effect of a heterocyclic compound is notably 
demonstrated, so that the adhesion of an electrode and an electrolyte is high. Therefore, since improvement in adhesion 
can be tied to improvement in a cell performance as it is, in manufacture of this invention cell, when making especially 

Car bonaceous material into a n e f xfltivp-p1prlTn {|p qrtmp materia] , cpnsjfaring ^^ ^nmpnnnf|jTP^ativfi electrode is good 

[ a composite electrode and the process to make are desirable, and ]. Because, since it is fine-particles material and 
sufficient ion conductivity is not acquired when a negative electrode is constituted only from carbonaceous material, 
carbonaceous material needs to add a solid polymer electrolyte, a little ion conductivity organic solvent (the organic 
substance plasticizer said to this invention also has this work), etc. to carbonaceous material, and needs to make them 
with a compound negative electrode. Here, although it is a guess, it is thought that the bad operation of as opposed to 



[ react that it is radical, form a protective coat, and ] the ion conductivity organic solvent of carbonaceous material etc. 
to which a complex compound is shown in the front face of carbonaceous material as it is that in which the 
aforementioned electrolyte contains a heterocyclic compound is suppressed. Therefore, it is thought that the power 
generation capacity of carbonaceous material comes to be suitably demonstrated over a long period of time. 
[0017] In addition, also in the compo und negative ele ctr ode using the granular lithium (a lit hium alloy is included) as a 

negative-electrode active material, that it is the same as that of the above can say. " 1 — ~ ^ 

[001 8] Thus, altlKHigh-^hisil^ predetermined operation effect by making a solid polymer electrolyte contain a 
heterocyclic compound is demonstrated much more notably in the negative electrode which makes a lithium or 
carbonaceous material an active material since reactivity is high, this invention is not limited to the negative electrode 
which makes these active materials a component, for example, Ti02 and Mn02 etc. - you may be a negative electrode 
using the minerals matter, and the above-mentioned this invention predetermined operation effect is acquired also in 
these negative electrodes 

[00] Qj- As t fr e above-mentioned heterocyclic compound which can be used by the above-mentioned this invention cell, 
affiiophene^ furan, a pyrrole, 2-methyl pyrrole, 2-methyl furan, a pyran, thiopyran, and a pyridine can be mentioned, 
foFeXkmiJle. However, it is not limited to these (following, the same). 

[0020] Moreover, the hardenability matter which consists of what mixed the polymer which consists of prepolymers, 
such as plasticity macromolecules, such as a POREECHIREN oxide, polyethyleneimine, a pol yacrylonitri le, and these 
intermixing-of-material object, or poly ethylene-glycol diacrylate, a poly ethylene-glycol thcsfia^estnutrate, 
polyethylene glycol dimethacrylate, methoxy polyethylene glycol monomethacrylate, and such mixture, or the 
aforementioned thermoplastic macromolecule and the aforementioned prepolymer as a high molecular compound can 
be illustrated. In addition, as for a prepolymer, it is also good to add energy, such as heat, an electromagnetic wave, and 
an electron ray, and to add polymerization initiators, such as azo-isobutyro-dinitrile and a benzyl dimethyl ketal, with a 
prepolymer, in order to harden and to promote polymerization reaction in this case, a polymerization and. 
[0021] as the electrolyte salt which uses the above-mentioned high molecular compound — LiPF6, LiC14 and LiBF4, 
and LiCF3 S03 etc. - it can illustrate And it is desirable to accomplish with a solid polymer electrolyte using the 
organic substance plasticizer which the adhesion of an electrolyte layer and an electrode can be raised and can raise 
electrolytic ion conductivity in addition to these electrolytes salt and the aforementioned high molecular compound. As 
such an organic substance plasticizer, organic solvents, such as ethylene carbonate, vinylene carbonate, pro bilene 
carbonate, dimethyl carbonate, diethyl carbonate, 1, 2-diethoxy ethane, and ethoxy methoxyethane, or these partially 
aromatic solvents can be mentioned, for example. 

[0022] Furthermore, as t he above "a lithium^ 1 as a negative-electrode active mat erial, Li metal, an Li-aluminum_ alloy, a 
Li-Mg alloy, a Li-alui mnum- nickel alloy, etc. can be illustr ated. Moreover, as a carbonaceous material, graphite, 
carbbT^blacfc7TJorK^^ fibers, or these baking objects can be illustrated, on the other hand — as the 

desirable positive active material which can be used for a positive electrode — LiCo02, LiNi02, and LiMn02 etc. — a 
lithium multiple oxide can be illustrated and also conductive polymers, such as the poly aniline and polypyrrole, can 
also be used as a positive active material In addition, of course, matter other than each above-mentioned instantiation 
matter can be used in the range which does not spoil the summary of this invention. 
[0023] 

[The gestalt of operation] Hereafter, the gestalt of operation of this invention is concretely clarified through an 
example. 

[Example 1 of this invention] It is azobisisobutyronitril 2000ppm to what first added polyethylene-glycol- 
dimethacrylate (number of oxy ethylene units =9; Japan resin incorporated company make) 1.5g, and methoxy 
polyethylene-glycol-monomethacrylate (number of oxyethylene units / ?= s 9^Japan resin incorporated company make) 
1.5g to the mixed solution which consists of propylene carbonate 6& thiophene (M)5g)and LiCL04 lg, and was mixed. 
It mixed and the organic polymer solution [Al] was produced. 

[0024] Moreove r, the organic polymer solution TA 21 as well as the aforementioned organic polymer solution [Al] was 
produced instead of the azobisisobutyronitril except having used the benzyl methyl ketal (2000 ppm). 
[0025] Subsequently, LiCo02 The aforementioned organic polymer solution [Al] was mixed with what mixed 
KETCHIEN black by the weight ratio of 90: 1 0 by the weight ratio of 3 : 1 , this mixture was applied and rolled out at the 
positive-electrode collecting electrode plate which consists of aluminum, it heated at 80 more degrees C for 1 hour, the 
heating polymerization of the polymerization component was carried out, and the compound positive electrode 
concerning the example 1 of this invention was produced. 

[0026] On the other hand, a lithi um metal (nega ti ve-electrode active material) is stuck t o_a stainless steel collect ing 
electrode plate hy p ressu re, and o n this lithium metal, a doctor-knife applicator is used, the aforementioned organic 
polymer solution [A2] is cast, it sets to a room temperature after that, and they are ultraviolet rays 6 mW/cm2 It 
irradiated for 20 minutes with the quantity of light, the polymerization of the polymerization component was carried 



out, &nd the negative electrode concerning the example 1 of this invention in which the ion conductive polymer solid 
electrolyte layer was formed on the front face was produced. 

[0027] Furthermore, the ion conductive polymer solid electrolyte layer was carried out inside, the aforementioned 
compound positive electrode and the aforementioned negative electrode were piled up, and the ion conductive polymer 
solid electrolyte cell of the example 1 of this invention was produced, the power generation area of this ion conductive 
polymer solid electrolyte cell - 10cm2 it is ~ design cell capacity is 20mAh(s) In addition, the two or less example [ of 
this invention ] cell is designed similarly. 

[0028] [Example 2 of this invention] What mixed 2000 ppm of azobisisobutyronitrils to what added polyethylene- 
glycol-dimethacrylate (number of oxyethylene units =9; Nippon Oil & Fats Co., Ltd. make) 1.5g and methoxy 
polyethylene-glycol-monomethacrylate (number of oxyethylene units =9; Nippon Oil & Fats Co., Ltd. make) 1.5g to 
ethylene carbonate / 6g of diethyl carbonate solutions of a volume ratio 1:1, and the mixed solution that consists of 
pyrrole 0.05g and LiC104 Ig, and was mixed was used as the organic polymer solution [Bl]. 

[0029] Moreover, what was produced like the organic polymer solution [Bl] was used as the organic polymer solution 
[B-2] instead of the azobisisobutyronitril except having used the benzyl methyl ketal (2000 ppm). 
[0030] The compound positive electrode concerning the example 2 of this invention as well as the above-mentioned 
example 1 of this invention was produced except having used the above-mentioned organic polymer solution [Bl] 
instead of the aforementioned organic polymer gnl ntinn pM] 

[0031] On the other hand, the compouryfnegative electrode in whicnthe ion conductive polymer solid electrolyte was 
formed on the front face was produced ^s follows, a graphite pow3& and the above-mentioned organic polymer 
solution [Bl] - graphite-powder: - it mixed by [B 1 ] ■— 3 . 1 (weigllfratio), this mixture was applied and rolled out on the 
negative-electrode collecting electrode plate which consists of copper, it heated at 80 more degrees C for 1 hour, the 
polymerization of the polymerization component was carried out, and the compound negative electrode was produced 
Furthermore, the above-mentioned organic polymer solution [B-2] was used for the front face (a collecting electrode 
plate and opposite-side front face) of this compound negative electrode, the doctor-knife applicator was cast into it, the 
ultraviolet rays of the quantity of light of 6 mW/cm2 were irradiated for 20 minutes in the room temperature, and the 
polymerization of the polymerization component was carried out. Thus, the compound negative electrode concerning 
the example 2 of this invention by which the ion conductive polymer solid electrolyte layer was formed in the front 
face was produced, this compound negative electrode and the above-mentioned compound positive electrode were 
piled up on both side t s of the solid electrolyte layer, and the ion conductive polymer solid electrolyte cell of the example 
2 of this invention was produced. 

[0032] [Example 3 of this invention] The organic polymer solution [CI] as well as the organic polymer solution [Bl] in 
the above-mentioned example 2 of this invention was produced except having set the addition of a pyrrole to 0.005g. 
Moreover, the organic polymer solution [C2] as well as an organic polymer solution [B-2] was produced instead of the 
azobisisobutyronitril except having used the benzyl methyl ketal (2000 ppm). And the compound negative electrode by 
which the ion conductive polymer solid electrolyte layer was formed in the compound positive electrode and the front 
face like the above-mentioned example 2 of this invention was produced using these organic polymer, these were piled 
up and the ion conductive polymer solid electrolyte cell of the example 3 of this invention was produced. 
[0033] [Example 4 of this invention] The organic polymer solution [Dl] as well as the organic polymer solution [Bl] in 
the above-mentioned example 2 of this invention was produced except having set the addition of a pyrrole to 0.5g. 
Moreover, the organic polymer solution [D2] as well as an organic polymer solution [B-2] was produced instead of the 
azobisisobutyronitril except having used the benzyl methyl ketal (2000 ppm). And the compound negative electrode by 
which the ion conductive polymer solid electrolyte layer was formed in the compound positive electrode and the front 
face like the above-mentioned example 2 of this invention was produced using these organic polymer, these were piled 
up and the ion conductive polymer solid electrolyte cell of the example 4 of this invention was produced. 
[0034] [Example 1 of comparison] The ion conductive polymer solid electrolyte cell of the example 1 of comparison 
was produced like the aforementioned example 1 of this invention except having not added at all a thiophene 
(heterocyclic compound which has a double bond) in the aforementioned example 1 of this invention. 
[0035] [the example 2 of comparison] ~ except for having not added at all a pyrrole (heterocyclic compound which has 
a double bond) in the aforementioned example 2 of this invention — the aforementioned example 2 of this invention « 
being the same (the examples 3 and 4 of this invention the same) ~ it carried out and the ion conductive polymer solid 
electrolyte cell of the example 2 of comparison was produced 

[0036] In order to make intelligible the difference among the various cells produced above, the kind of the organic 
polymer composition used for each cell and positive/negative two-poles active material is indicated by list in Tables 1- 
2. In addition, in ethylene carbonate and DEC, diethyl carbonate and PEG-DMAc express polyethylene glycol 
dimethacrylate, and mtxyPEGmonoMAc expresses [ the inside of Table 1-2 and EC ] methoxy polyethylene glycol 
monomethacry late . 



[0037]' • 
[Table 1] 
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[0038] 
[Table 2] 
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[0039] The cycle of discharging until a cell voltage is set to 3.0V by the current value of 0.1C, after charging about the 
cell of the examples 1-4 of this invention and the examples 1-2 of comparison until a cell voltage is set to 4.2V by the 
current value of 0.1 C of cell capacity (20mAh) was repeated, and the service capacity in each cycle was calculated. The 
relation between battery discharge capacity and the number of cycles shows the result to drawing 1 . 
[0040] A cycle property is the example 1 of example of example of example of example of example of this invention 
1> this invention 2> this invention 4> this invention 3> comparison 2> comparison sequentially from a good thing, and 
the example cells 1-4 of this invention showed the good cycle property compared with the example cells 1-2 of 
comparison which do not contain a heterocyclic compound so that it might become clear from drawin g 1 . 
[0041] That is, although only the existence of the heterocyclic compound in which the example 1 of this invention and 
the example 1 of comparison have a double bond only differed, the cell of the example 1 of this invention showed the 
notably good cycle property compared with the example 1 of comparison, and the same result was obtained also in 
comparison with the example 2 of this invention, and the example 2 of comparison (Table 1, two references). 
[0042] Moreover, when the content (weight % to an electrolyte) of a heterocyclic compound and the relation of a cycle 
property were seen to the result in the cell of the examples 2-4 of this invention to which the loadings of a heterocyclic 
compound were changed, and the example 2 of comparison, the cycle property was the order of a 0.5% content cell 
>5% content cell >0.05% content cell >0% content cell sequentially from the good thing. This result shows that a cycle 
property better than the example cell of comparison (0% content) will be acquired if the content of a heterocyclic 
compound is 0.005% or more at least. Moreover, the relation between the content of a heterocyclic compound and the 
improvement effect of a cycle property is not linear, and it turns out that it has the parabola-relation are related of the 
maximal value. That is, even if there are comparatively (content) too many heterocyclic compounds added to a solid 
polymer electrolyte and it is too few, in order to raise a cycle property efficiently preferably, it is desirable to make the 
content of a heterocyclic compound into 0.005% - 5% of range. 

[0043] In addition, it is thought that the difference of the cycle property between the example 1 of this invention, the 
example 2 of this invention, and the example 1 of comparison and the example 2 of comparison mainly results from the 
difference in a negative-electrode active material. 
[0044] 

[Effect of the Invention] As mentioned above, by the solid polymer electrolyte concerning this invention which makes 
essential element the heterocyclic compound which has a double bond, while a heterocyclic compound sticks to 
negative-electrode active materials, such as a lithium or carbonaceous material, and raises compatibility with a 
negative-electrode active material, it acts so that the reaction of an electrolyte and a negative-electrode active material 



may be suppressed so that it may become clear. Consequently, the efficiency of electrode reaction increases and 
electrolytic deterioration of ion conductivity and the electric poor contact of an electrode / electrolyte interface are 
prevented also by the charge-and-discharge cycle. Therefore, according to this invention, the long solid-polymer- 
electrolyte cell of a cycle life can be offered by high power. 



[Translation done.] 



